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AB ST RACT 

Apollo spacecraft atmosphere 
implications are presented to assist the evaluation or per- 
formance of cabin atmosphere studies. Related studies being 
performed include the subjects of crew physiological constraints, 
cabin atmosphere enrichment, alternate oxygen systems and cabin 
atmosphere selection. The reference data contained in this re- 
port were selected and organized by reviewing the lunar mission 
phases and examining each significant mission phase for atmos- 
phere related functions. Specific data are included on: 

1. Mission phases and crew functions; 

2. Environmental support requirements imposed on 
the Apollo system; ; r  

3. Mission timeline constraints; 

4. Atmosphere pressure constraints. 

The environmental support requirements for crew 
physiological needs of respiration and pressure are presented in 
general terms f o r  the Apollo system. These requirements logi- 
cally include providing a safe gaseous environment throughout the 
mission, providing alternate life support functions so a single 
failure is not fatal, enabling necessary crew tasks to be per- 
formed, etc. These overall spacecraft requirements are 
interpreted to give more specific CSM and LM requireme 
Significant design constraints considered appropriate 
application to any environmental control system modif 
undertaken are presented, e . g . ,  minimizing existing s 
impact consistent with crew safety, continuing use of 
in the suit loop, continuing use of 5 *a oxygen as 
flight pressurant and selecting launch cabin atmosphe 
achieving maximum overall mission crew safety. 
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Timeline constraints applicable to functions of 
modifying the environment after launch are derived based on 
current crew task Zefinition and translunar injection oppor- 
tunity plans. Time corstraints are emphasized because of the 
potential effect on environmental control alternatives, e.g., 
dumping and repressurizing the cabin or purging the cabin at 
flight pressure. The time available for system operation or 
performance of crew tasks is very limited, particularly if 
any environmental control changes impose new functions to be 
accompiished before translunar injection. The translunar 
injection may occur as early as sometime between 50 and 140 
minutes after launch based on trajectory considerations, pro- 
viding crew tasks and equipment operations can be completed 
in time. Current predictions of the crew task timeline indi- 
cate a need to shorten rather than expand crew tasks in the 
early mission phases, before translunar injection, since 
planned tasks may take as much as 135 minutes. The implica- 
tions are that any new provision for atmosphere control must 
not further burden the crew by adding serial tasks or inter- 
fering with existing tasks. Therefore, automatic operations 
(e.g., programmed oxygen enrichment or sensor initiated purg- 
ing) are more attractive than those requiring manual tasks 
(e.g., dumping and repressurizing the cabin or removing helmets 
to use cabin atmosphere or oxygen masks as a backup). 

System operating pressures are discussed with 
specific attention to the early launch phase when greatest 
pressure changes occur. The low pressures reached in flight, 
either nominal or abort, present a significant obstacle to 
the use of less than pure oxyten as a pressurant. In the 
first 155 seconds of a nominal launch the suit and cabin 
pressures drop f r o m  atmospheric to about 6 psia and sometime 
later reach 5 + 0.2 psia. If an abort is initiated as early 
as or after gO-seconds, the cabin and suit pressures also 
decrease to about 6 psia. 

In conclusion, it appears feasible to use an 
atnosphere other than oxygen for a cabin pressurant on the 
pad. However, environmental control system changes are 
required to achieve a safe system if a low oxygen content 
gas, e.g., air, is used as a cabin pressurant at launch. 
Candidate changes ificlude changing cabin atmosphere before 
significant pressure decrease occurs (at lift-off or before 
T+155 seconds), adding an alternate oxygen system and 
selecting a gas with higher oxygen content than in air for on 
pad pressurant. 
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TECHNICAL MEMORANDUM 

INTRODUCTION 

Several studies currently are addressing the subject 
of Apollo atmosphere selection. (1y2,3’4) The subjects of these 
studies include related factors, e.g., crew physiological con- 
straints, cabin atmosphere enrichment, alternate oxygen systems 
and cabin atmosphere selection. In order to better evaluate 
these studies or to aid the completion of them, a general review 
and a compilation of pertinent Apollo engineering data and 
operational requirements were performed. Particular attention 
was given to reviewing the phases of the lunar mission to 
determine the gross functional requirements of the Apollo 
Environmental Control System (ECS) and time constraints on 
system operation necessary to be compatible with the overall 
mission timeline. 

The data presented in this memorandum are deemed 
to be generally applicable to spacecraft cabin atmosphere 
selection, whether the selection is between oxygen and air or 
some other gas composition. Included are the mission phases 
and functions, environmental support requirements,timeline 
constraints, and atmosphere pressure variations. 

A general discussion of the significant parameters 
and requirements follows in this report under Mission Functions, 
Environmental Support Requirements, Timeline Constraints and 
Atmosphere Pressure Constraints. Significant implications noted 
up to the time of this report are included. It is anticipated, 
however, that the basic data presented will help formulate 
more specific conclusions and design requirements as implementa- 
tion studies become more specific. Appendix A, of this report 
contains the detailed data on mission functions, timeline and 
pressure. 

MISSION FUNCTIONS 

The mission functions examined are illustrated in 
Appendix A, Table 1, LOR Mission Functions. Each phase of the 
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m i s s i o n  from countdown th rough  r e c o v e r y  i s  summarized and  t h e  
crew f u n c t i o n s  a f f e c t e d  b y  l i f e  s u p p o r t  methods are  shown. (5) 

F o r  e a c h  p r i n c i p a l  m i s s i o n  p h a s e ,  e . g . ,  countdown, 
a s c e n t ,  e t c . ,  t h e  o v e r a l l  t ime d u r a t i o n  and gross crew f u n c t i o n s  
a r e  n o t e d  b e c a u s e  of t h e  impor t ance  of  t h i s  i n f o r m a t i o n  i n  
e v a l u a t i n g  ECS r e q u i r e m e n t s .  The l i f e  s u p p o r t  mode p r o v i d e d  f o r  
e a c h  m i s s i o n  p h a s e  i s  shown i n  c o n t e x t  w i t h  t h e  t i m e  p e r i o d  o f  
u s e  and t h e  p o s s i b l e  backup mode, e.p;.,  d u r i n g  countdown p r e s -  
s u r e  s u i t s  a r e  backed  up by c a b i n  a tmosphe re ,  open h a t c h  o r  
p o s s i b l y  by oxygen masks ( p l a n n e d  to b e  a v a i l a b l e  f o r  o t h e r  u s e ) .  

The p r i m a r y  method o f  s u p p l y i n g  t h e  crew w i t h  the  
n e c e s s a r y  l i f e  s u p p o r t i n g  p r e s s u r e  and oxygen i s  e i t h e r  a 
p r e s s u r e  s u i t  or a v i a b l e  c a b i n  a tmosphe re .  The c h o i c e  between 
t h e s e  methods i s  e f f e c t e d  by t h e  b a l a n c e  o f  n e c e s s a r y  crew 
f u n c t i o n s  v e r s u s  r e l i a b i l i t y .  Where p r a c t i c a l  i n  t h e  c u r r e n t  
c o n f i g u r a t l o n  t h e  p r e s s u r e  garments  a r e  worn to enhance  crew 
s a f e t y .  A t  all o t h e r  t imes  i n  t h e  m i s s i o n  t h e  s u i t s  o r  h e l m e t s  
are  d o f f e d  and t h e  c a b i n  a tmosphere  p r o v i d e s  p r i m a r y  l i f e  s u p p o r t .  

I n  o r d e r  to enhance r e l i a b i l i t y ,  a backup to t h e  
p r i m a r y  method i s  r e q u i r e d  d u r i n g  a l l  m i s s i o n  p h a s e s .  Under 
nomina l  c o n d i t i o n s  t h e  c a b i n  a tmosphe re  i s  a backup to t h e  
p r e s s u r e  garment  and v i c e  v e r s a ,  e x c e p t  d u r i n g  l u n a r  EVA. 
Dur ing  ZVA t h e  on ly  p r e s s u r e  garment  backup i s  a n  oxygen 
p u r g e  sys t em,  p r o v i d e d  to e n a b l e  sa fe  r e t u r n  a t  low s u i t  
l e a k a g e  r a t e s .  

ENVIRON?i'!ENTAL SUPPORT REQUIRZ?*IENTS 

The Apol lo  s y s t e m  i s  r e q u i r e d  t o  p r o v i d e  a tmosphe re  
r e l a t e d  s u p p o r t  f o r  t h e  crew p h y s i o l o g i c a l  f u n c t i o n s  o f  res- 
p i r a t i o n  and body p r e s s u r e .  Tnermal  c o n t r o l  must  a l s o  b e  
i n h e r e n t  i n  t h e  e n v i r o n m e n t a l  c o n t r o l  s y s t e m ;  however ,  o n l y  
t h e  g a s  c o m p o s i t i o n  and p r e s s u r e  a r e  emphas ized  h e r e .  The 
A p o l l o  Program S p e c i f i c a t i o n ,  SE 500-001-1  R e v i s i o n  A ,  r e q u i r e -  
men t s  f o r  crew s a f e t y  and d e s i g n  were r e v i e w e d  f o r  d i r e c t i o n  
i n  t h e  c u r r e n t  s t u d y .  A s  i n t e r p r e t e d  h e r e ,  t h e  f u n d a m e n t a l  
s y s t e m  r e q u i r e m e n t s  i n c l u d e :  

1. The Apo l lo  s p a c e c r a f t  s h a l l  p r o v i d e  a g a s e o u s  
envi ronment  t h a t  w i l l  s a f e l y  s u p p o r t  t h e  crew 
r e q u i r e m e n t s  f o r  r e s p i r a t i o n  and f o r  a p r e s s u r e  
envi ronment  t h r o u g h o u t  Apol lo  m i s s i o n s  f rom 
crew i n g r e s s  i n  t h e  p r e l a u n c h  p h a s e  to crew 
e g r e s s  a t  r e c o v e r y .  
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2 .  The A p o l l o  s p a c e c r a f t  s h a l l  p r o v i d e  a l t e r n a t e  
f u n c t i o n s  such  t ha t  a s i n g l e  f a i l u r e  i n  t h e  
supp ly  and /o r  t h e  maintenance o f  t h i s  gaseous  
envi ronment  w i l l  not r e s u l t  i n  l o s s  o f  t h e  crew. 

3. The sys tem s h a l l  enab le  n e c e s s a r y  a s t r o n a u t  
a c t i v i t i e s  to be performed i n c l u d i n g  CSM and LI'? 
c o n t r o l  o p e r a t i o n s ,  crew t r a n s f e r ,  houskeeping  
and EVA. 

These s y s t e m  r e q u i r e m e n t s  a p p l i e d  to t h e  lower  l e v e l  breakdown 
of  t h e  CSM and LY would impose t h e  f o l l o w i n g  s p e c i f i c  space-  
c r a f t  r e q u i r e m e n t s .  

- CSM - The CSM system i s  r e q u i r e d  to p r o v i d e  gaseous  
envi ronment  f u n c t i o n s  as f o l l o w s  : 

1. 

a. The C S Y  s h a l l  p r o v i d e  a gaseous  envi ronment  
t h a t  w i l l  s a f e l y  s u p p o r t  t h e  crew p h y s i o l o -  
g i c a l  r e q u i r e m e n t s  f o r  r e s p i r a t i o n  and 
p r e s s u r e  th roughou t  t h e  CM m i s s i o n ,  from crew 
i n g r e s s  d u r i n g  countdown th rough  crew e g r e s s  
a f t e r  r e c o v e r y .  

b .  The C S M  gaseous envi ronment  s h a l l  b e  compa t ib l e  
w i t h  crew o p e r a t i o n s  i n  a p r e s s u r i z e d  s u i t  
d u r i n g  a l l  phases  of  t h e  m i s s i o n  and c o m p a t i b l e  
w i t h  crew s h i r t s l e e v e  o p e r a t i o n s  d u r i n g  l o n g  
c o a s t i n g  f l i g h t  p e r i o d s  when d o f f i n g  o f  p r e s s u r e  
s u i t s  i s  p r a c t i c a l .  

e .  Backup f u n c t i o n s  s h a l l  b e  p r o v i d e d  s o  t h a t  a 
s i n g l e  f a i l u r e  i n  t h e  e n v i r o n m e n t a l  sys t em w i l l  
n o t  r e s u l t  i n  l o s s  of t h e  crew. 

2. - LM - The LM s y s t e m  i s  r e q u i r e d  to p r o v i d e  b a s i c  l i f e  
s u p p o r t  f u n c t i o n s  ( s imi l a r  to t h e  CSN) i n c l u d i n g  t h e  
f o l l o w i n g :  

a .  The Lr4 s h a l l  p r o v i d e  a gaseous  envi ronment  t h a t  
w i l l  s a f e l y  s u p p o r t  t h e  crew p h y s i o l o g i c a l  r e -  
qu i r emen t s  f o r  r e s p i r a t i o n  and body p r e s s u r e  
from crew t r a n s f e r  to LM t h r o u g h  r e t u r n  to t h e  
CSM, e x c e p t  f o r  p l a n n e d  s p e c i f i c  d e p r e s s u r i z e d  
p e r i o d s  du r ing  l u n a r  EVA. 
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b .  The LM environment  s h a l l  b e  c o m p a t i b l e  w i t h  
crew o p e r a t i o n s  i n  a p r e s s u r i z e d  s u i t  d u r i n g  
a l l  phases  of t h e  LM m i s s i o n  and compa t ib l e  
w i t h  crew open helmet o p e r a t i o n s  d u r i n g  LM 
p r e s s u r i z e d  l u n a r  s u r f a c e  p e r i o d s .  

e .  Backup f u n c t i o n s  s h a l l  be  p r o v i d e d ,  where 
p r a c t i c a b l e ,  s o  t h a t  a s i n g l e  f a i l u r e  i n  t h e  
e n v i r o n m e n t a l  s y s t e m  w i l l  n o t  r e s u l t  i n  loss 
of  t h e  crew.  

I n  e v a l u a t i n g  t h e  e x i s t i n g  Apollo s y s t e m  e n v i r o n m e n t a l  c o n t r o l  
c a p a b i l i t y  and p l a n n i n g  m o d i f i c a t i o n s  to improve t h e  c a p a b i l i t y  
t o  meet t h e  s y s t e m  r e q u i r e m e n t s ,  i t  i s  a d v i s a b l e  to c o n s i d e r  
t h e  f o l l o w i n g  d e s i g n  c r i t e r i a .  

1. CSM - The a p p r o p r i a t e  CSM e n v i r o n m e n t a l  c o n t r o l  s y s t e m  
s p e c i f i c  d e s i g n  c r i t e r i a  i n c l u d e :  

a .  Minimize t h e  impact of m o d i f i c a t i o n  to t h e  
e x i s t i n g  env i ronmen ta l  s y s t e m  c o n s i s t e n t  w i t h  
crew s a f e t y .  

b .  The e x i s t i n g  p r e s s u r e  s u i t  f u n c t i o n s  and b a s i c  
d e s i g n  s h a l l  be r e t a i n e d .  The s u i t  s h a l l  b e  
c a p a b l e  of  m a i n t a i n i n g  a p u r e  oxygen atmosphere 
i n t e r n a l l y  whi le  donned a t  a p r e s s u r e  g r e a t e r  
t h a n  t h e  c a b i n  p r e s s u r e  and n o t  l e s s  t h a n  3 . 5  p s i a .  
Means f o r  m a i n t a i n i n g  and  i n d i c a t i n g  p o s i t i v e  s u i t  
p r e s s u r e  s h a l l  b e  p r o v i d e d .  

e .  The d e s i g n  s h a l l  e n a b l e  t h e  crew t o  b e  i n  p r e s s u r -  
i z e d  s u i t s  s u p p l i e d  w i t h  p u r e  oxygen from i n g r e s s  
d u r i n g  countdown u n t i l  a f t e r  o r b i t  i n s e r t i o n  a t  
a minimum and p o s s i b l y  u n t i l  a f t e r  t h e  f i r s t  m i d -  
c o u r s e  c o r r e c t i o n .  

d .  The CM c a b i n  atmosphere s h a l l  be p u r e  oxygen a t  
a p p r o x i m a t e l y  5 p s i a  i n  f l i g h t  by t h e  t ime  of  
i n i t i a l  d o f f i n g  o f  s u i t s  i n  o r d e r  to s u p p o r t  
s h i r t s l e e v e  o p e r a t i o n s  and t h e  sys t em s h a l l  b e  
c a p a b l e  o f  m a i n t a i n i n g  a l e v e l  o f  5+0.2 - p s i a .  

e .  The sys t em s h a l l  e n a b l e  a CM c a b i n  l e a k  check 
d u r i n g  countdown to be per formed by i n c r e a s i n g  
c a b i n  p r e s s u r e  above e x t e r n a l  ambient  p r e s s u r e .  
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f .  The gas  t o  b e  used f o r  CM p r e s s u r i z a t i o n  d u r i n g  
countdown and launch  s h a l l  b e  s e l e c t e d  t o  a c h i e v e  
maximum crew s a f e t y  c o n s i d e r i n g  t h e  t o t a l  m i s s i o n .  

g .  When oxygen i s  used as t h e  CP4 c a b i n  p r e s s u r a n t  
d u r i n g  countdown and a s c e n t  t o  o r b i t ,  t h e  s y s t e m  
s h a l l  demons t r a t e  a c a p a b i l i t y  o f  a c h i e v i n g  crew 
s a f e t y  by adequa te  f i r e  p r e v e n t i o n ,  r e t a r d a t i o n  
and e x t i n g u i s h m e n t ,  as w e l l  as r a p i d  e g r e s s  when 
a p p l i c a b l e .  

h .  When a i r  (or similar composi te  g a s )  i s  used  as 
t h e  CM c a b i n  p r e s s u r a n t  d u r i n g  countdown and 
a s c e n t  t o  o r b i t ,  t h e  s y s t e m  s h a l l  d e m o n s t r a t e  a 
c a p a b i l i t y  o f  a c h i e v i n g  crew s a f e t y  w i t h  r e s p e c t  
t o  f i r e  h a z a r d s ,  a s  w i t h  oxygen, and a d d i t i o n a l l y  
a c a p a b i l i t y  o f  s u p p o r t i n g  crew p h y s i o l o g i c a l  
r e q u i r e m e n t s  o f  r e s p i r a t i o n  and p r e s s u r e  i n  t h e  
e v e n t  of a s u i t  loop  f a i l u r e .  

i. When a i r  (or similar composi te  g a s )  i s  used  as t h e  
CM c a b i n  p r e s s u r a n t  d u r i n g  countdown, t h e  sys tem 
s h a l l  be  c a p a b l e  o f  exchanging  t h e  i n i t i a l  c a b i n  
a tmosphere  f o r  pure  oxygen as soon a s  p r a c t i c a b l e  
a f t e r  r e a c h i n g  a safe  f l i g h t  p r e s s u r e  and p r i o r  
t o  i n i t i a l  d o f f i n g  of s u i t s .  

j. The c a p a b i l i t y  for m a i n t a i n i n g  s u r v i v a b l e  l e v e l s  
o f  a tmosphere  i n  t h e  e v e n t  of mic romete ro id  
p u n c t u r e  s h a l l  be r e t a i n e d  c o n t i n u o u s l y  t h r o u g h o u t  
t h e  m i s s i o n .  

2 .  LM - The a p p r o p r i a t e  L?I e n v i r o n m e n t a l  c o n t r o l  s y s t e m  - 
s p e c i f i c  d e s i g n  c r i t e r i a  i n c l u d e :  

a. Minimize changes t o  t h e  c u r r e n t  LM e n v i r o n m e n t a l  
s y s t e m  d e s i g n .  

b .  Supplement t h e  LM e n v i r o n m e n t a l  sys t em,  i f  
r e q u i r e d ,  by a d d i t i o n  of s u i t - r e l a t e d  equipment ,  
e . g . ,  oxygen mask or d i r e c t  s u i t  or he lme t  
s u p p l y ,  a s  and i f  deve loped  for CM u s e .  

TIMELINE CONSTRAINTS 

The t i m e  c o n s t r a i n t s  imposed on any added ECS f u n c t i o n s ,  
e . g . ,  mod i fy ing  t h e  c a b i n  environment  a f t e r  l i f t o f f ,  are (1) t o  
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b e  c o m p a t i b l e  w i t h  a v a i l a b l e  c rew o p e r a t i n g  t i m e ,  and ( 2 )  t o  b e  
completed w i t h i n  t h e  a l l o w a b l e  ground e l a p s e d  t ime ( g . e . t . ) .  I n  
b o t h  c a s e s  t h e  most s t r i n g e n t  t ime  c o n s t r a i n t s  w i l l  e x i s t  f o r  t h e  
e s t a b l i s h e d  f i r s t  t r a n s l u n a r  i n j e c t i o n  ( T L I )  o p p o r t u n i t y  s i n c e  
a v a i l a b l e  t a s k  t i m e  i s  a f u n c t i o n  o f  t h e  t i m e  o f  T L I  whe the r  t h e  
t asks  a r e  pe r fo rmed  b e f o r e  or a f t e r  T L I .  

Which T L I  o p p o r t u n i t y  i s  to b e  u s e d  as t h e  f i r s t  T L I  
o p p o r t u n i t y  i s  no t  y e t  e s t ab l i shed .  However, i t  most l i k e l y  
w i l l  be e i t h e r  t h e  f i r s t  P a c i f i c ,  t h e  second  A t l a n t i c  or t h e  
second P a c i f i c  T L I  o p p o r t u n i t y .  T h e r e f o r e ,  t h e  comple te  r a n g e  
of  g . e . t .  to T L I  imposed by  t h e s e  t h r e e  p o s s i b i l i t i e s  was 
c o n s i d e r e d  w i t h  r e s p e c t  t o  t ime c o n s t r a i n t s  on c a b i n  env i ron -  
ment f u n c t i o n s .  The co r re spond ing  T L I  t i m e  c o n s t r a i n t s  i n  
terms of  g . e . t .  a re  approx ima te ly  5 0  m i n u t e s ,  9 5  minu tes  and 
140 minu tes  f o r  t h e  e a r l i e s t  T L I  i n  each  of t h e  t h r e e  c a s e s ,  as 
shown i n  Appendix A ,  Tables  1 and 2 .  O f  c o u r s e ,  i f  T L I  o c c u r s  
f o r  a s p e c i f i c  f l i g h t  a f t e r  t h e  f i r s t  o p p o r t u n i t y ,  more t ime  i s  
a v a i l a b l e  f o r  p e r f o r m i n g  system o p e r a t i o n s .  However, t h i s  does  
n o t  r e l a x  t h e  nominal  t ime  c o n s t r a i n t s  f o r  o p e r a t i o n a l  p l a n n i n g .  

The crew a v a i l a b i l i t y  t i m e  c o n s t r a i n t  canno t  y e t  
b e  q u a n t i z e d  because  o t h e r  crew t i m e l i n e  f u n c t i o n s  are  n o t  
y e t  f i r m .  However, two e f f e c t s  t h a t  must be c o n s i d e r e d  and 
minimized are  t h e  t i m e  r e q u i r e d  by one or more of t h e  crew 
to o p e r a t e  t h e  e n v i r o n m e n t a l  sys t em and t h e  t i m e  t h a t  t h e  
o p e r a t i o n  might  d e l a y  o t h e r  crew tasks  by i n t e r f e r e n c e ,  e . g . ,  
d e p r e s s u r i z a t i o n .  P r e v i o u s  e s t i m a t e s  of crew t a s k  t i m e l i n e s  
i n d i c a t e  a t ime o f  abou t  1 2 0  to 135 minu tes  i s  needed to 
accompl i sh  a l l  tasks  up t o  TLI. (') 
l o n g e r  t h a n  a l l o w a b l e  f o r  t h e  f i r s t  two ( a n d  p o s s i b l y  t h r e e )  
p o t e n t i a l  T L I  o p p o r t u n i t i e s ,  it i s  d e s i r a b l e  to i n t e r l e a v e  
any a d d i t i o n a l  t a sks  r e q u i r e d  f o r  e n v i r o n m e n t a l  c o n t r o l  a t  
n e g l i g i b l e  t i m e  c o s t .  Fur thermore ,  i n  implement ing  d e s i g n  
changes  t h e  l i m i t e d  t i m e  a v a i l a b l e  may r e q u i r e  au tomat ion  o f  
f u n c t i o n s .  

S i n c e  t h i s  t i m e  i s  a l r e a d y  

A g r o s s  e v a l u a t i o n  of t h e  e f f e c t  of t i m e l i n e  con- 
s t r a i n t s  on ESC m o d i f i c a t i o n  d e s i g n s  shows ve ry  l i t t l e  
d i f f e r e n c e  between t h e  t h r e e  T L I  t imes d i s c u s s e d .  It d o e s ,  
however ,  i n d i c a t e  t h a t  t h e  o p e r a t i n g  t i m e  a v a i l a b l e  i s  v e r y  
l i m i t e d  i n  a l l  t h r e e  c a s e s ,  as shown i n  Appendix A ,  T a b l e  2 .  
For example,  t h e  t i m e  to o r b i t  i n s e r t i o n  i s  i n  a l l  c a s e s  a b o u t  
11 m i n u t e s .  The t i m e  to TLI i s  l e s s  t h a n  135 minu tes  ( 5 0  or 
95 m i n u t e s )  for e i t h e r  t h e  "f i rs t  P a c i f i c "  or "second A t l a n t i c "  
and i s  on ly  1 4 0  minu tes  f o r  t h e  "second P a c i f i c "  o p p o r t u n i t y .  
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T h e r e f o r e ,  v e r y  l i t t l e  a v a i l a b l e  t i m e  e x i s t s  f o r  new tasks .  
The  i m p l i c a t i o n s  are t h a t  au tomat ion  of new o p e r a t i o n s  s h o u l d  
be c o n s i d e r e d  and manual tasks s h o u l d  be  a v o i d e d  or s i m p l i f i e d .  
Automatic e n v i r o n m e n t a l  c o n t r o l  o p e r a t i o n s  f o r  new f u n c t i o n s  
might  i n c l u d e  p r o v i s i o n s ,  e . g . ,  programmed oxygen enr ichment  of 
c a b i n  a i r ,  s e n s o r  i n i t i a t e d  c a b i n  o r  s u i t  p u r g i n g ,  e t c .  Manual 
o p e r a t i o n s  t h a t  perhaps shou ld  be a v o i d e d  i n c l u d e  d e p r e s s u r i z -  
i n g  t h e  c a b i n ,  removing he lmets  t o  u s e  c a b i n  a tmosphere  o r  
oxygen masks as a backup,  e t c .  

ATMOSPHERE PRESSURE CONSTRAINTS 

I f  a i r  (or similar low oxygen c o n t e n t  g a s )  i s  used  i n  
t h e  CM c a b i n  d u r i n g  t h e  launch phase,  t h e  c a b i n  a tmosphere  be- 
comes u n s u i t a b l e  t o  s u p p o r t  t h e  crew as a backup ' t o  t h e  s u i t  
l o o p  s h o r t l y  a f t e r  l a u n c h .  (2,6) I n  a nominal  l a u n c h  t h i s  con- 
d i t i o n  e x i s t s  b e c a u s e  t h e  cab in  p r e s s u r e  d r o p s  from sea l e v e l  t o  
abou t  6 p s i a  ( a t  abou t  155 seconds a f t e r  l i f t o f f )  d u r i n g  a s c e n t  
and e v e n t u a l l y  leaks down t o  t h e  c o n t r o l l e d  p r e s s u r e  of 5+0.2 p s i a  
a f t e r  o r b i t  i n s e r t i o n .  A l s o ,  i f  an a b o r t  i s  i n i t i a t e d  d u r i n g  
a s c e n t  as e a r l y  as abou t  90 seconds a f t e r  l a u n c h  a low p r e s s u r e  
of  a b o u t  6 p s i a  w i l l  b e  reached  and w i l l  c o n t i n u e  f o r  a t ime  
d u r a t i o n  depending  on t h e  t ime of  a b o r t .  

The CM p r e s s u r e  h i s t o r y  i s  d e s c r i b e d  i n  Appendix A ,  
F i g u r e  1, b o t h  f o r  nominal  a s c e n t  and  f o r  a b o r t  d u r i n g  a s c e n t .  
A s  shown i n  t h e  f i g u r e ,  t h e  nominal CM c a b i n  p r e s s u r e  d rops  to 
6+OS2 ps ia  d u r i n g  a s c e n t .  
e v e n t u a l l y  leaks down t o  a c o n t r o l l e d  l e v e l  o f  5+0.2 p s i a .  Also 
shown i n  F i g u r e  1 i s  t h e  c a b i n  p r e s s u r e  f o r  an a s o r t ;  t h e  c a b i n  
p r e s s u r e  d r o p s  t o  abou t  6 ps ia  where i t  s t a y s  u n t i l  p r e s s u r e  
b u i l d  up due t o  ambient  p r e s s u r e  i n c r e a s e  d u r i n g  r e - e n t r y .  

After a s c e n t  t h e  c a b i n  p r e s s u r e  -0.4 

I n  t h e  nominal  ca se  t h e  CM c a b i n  p r e s s u r e  remains  low 
a f t e r  a s c e n t .  T h e r e f o r e ,  a change i n  a tmosphere  compos i t ion  i s  
needed  i n  o r d e r  t o  a t t a i n  a v i a b l e  a tmosphere  p r o v i d i n g  t h a t  t h e  
i n i t i a l  a tmosphere  composi t ion  i s  n o t  v i a b l e  a t  5 or 6 p s i a .  
However, i n  t h e  a b o r t  c a s e  t h e  c a b i n  p r e s s u r e  may drop  t o  abou t  
6 p s i a  and t h e n  r e t u r n  t o  a h i g h e r  v a l u e  d u r i n g  r e - e n t r y .  
The need  and method f o r  changing c a b i n  a tmosphere  compo- 
s i t i o n  f o r  a b o r t  are r e l a t e d  to t h e  t i m e  t h a t  t h e  c a b i n  
p r e s s u r e  r ema ins  low. 

The t i m e  a t  low cabin  p r e s s u r e  ( 6  p s i a )  i n  e v e n t  
o f  an a b o r t  i s  d e s c r i b e d  i n  Appendix A .  F i g u r e  2 i n  t h e  
append ix  shows t h a t  t h e  p r e s s u r e  can  b e  down t o  6 p s i a  f o r  
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as l i t t l e  as 2 minu te s  f o r  e a r l y  a b o r t s  and as l o n g  as 1 6  
minu tes  f o r  l a t e r  a b o r t s  t h a t  r e t u r n  t h e  CM to e a r t h  b e f o r e  
o r b i t .  T h i s  p e r i o d  i s  e s s e n t i a l l y  t h e  t i m e  f rom a b o r t  i n i -  
t i a t i o n  u n t i l  t h e  CM r e a c h e s  an ambient  e x t e r n a l  p r e s s u r e  of 
abou t  7 p s i a  (when a i r  b l e e d s  i n )  d u r i n g  r e - e n t r y .  Abor ts  
t h a t  i n c l u d e  going  to a con t ingency  o r b i t  e x t e n d  t h e  t ime  a t  
low p r e s s u r e  t o  pe rhaps  s e v e r a l  h o u r s  ( u n t i l  e n t r y  i s  i n i t i -  
a t e d ) .  

Atmosphere r e l a t e d  o p e r a t i n g  p r e s s u r e  r a n g e s  f o r  CM, 
LM and s u i t  a r e  l i s t e d  f o r  r e f e r e n c e  i n  Appendix A ,  T a b l e  4 .  
For t h e  nominal  i n f l i g h t  c a s e  t hese  p r e s s u r e s  a re  around 5 p s i a .  
S i n c e  a l l  p r e s s u r e  l e v e l s  f o r  f l i g h t  a r e  based on u s i n g  oxygen 
i n  f l i g h t ,  i t  i s  a d v i s a b l e  f r o m  a minimum hardware change 
v i ewpo in t  to u s e  oxygen from e a r l y  i n  t h e  m i s s i o n  to minimize 
t h e  impact  on sys t em d e s i g n .  

Cons ide r ing  t h e  p r e s s u r e  c o n s t r a i n t s  d i s c u s s e d ,  
en r i chmen t  o f  t h e  c a b i n  atmosphere may be  r e q u i r e d  i n  o r d e r  to 
s a t i s f y  t h e  p h y s i o l o g i c a l  r e q u i r e m e n t s  imposed when t h e  c a b i n  
a tmosphere  i s  used  as a backup. (*,3) 
c o n s i d e r  o t h e r  means of p r o v i d i n g  a backup to t h e  s u i t  l oop ,  
e i t h e r  i n  a d d i t i o n  to a v i a b l e  c a b i n  a tmosphere  or i n  l i e u  o f  
a v i a b l e  c a b i n  a tmosphere .  A s e p a r a t e  s t u d y  was per formed to 
e v a l u a t e  r e q u i r e m e n t s  f o r  such a l t e r n a t e  oxygen s y s t e m s  as an 
oxygen mask and d i r e c t  s e p a r a t e  oxygen c o n n e c t i o n s  to t h e  s u i t  
or h e l m e t .  

It i s  a l s o  a p p r o p r i a t e  to 

( 4 )  

CONCLUSION 

The e v a l u a t i o n  of t h e  c h o i c e  of a c a b i n  a tmosphere  
must  c a r e f u l l y  c o n s i d e r  t h e  f u n c t i o n a l  r e q u i r e m e n t s  f o r  phy- 
s i o l o g i c a l  s u p p o r t  of t h e  crew and t h e  c o n s t r a i n t s  imposed by 
t h e  e x i s t i n g  sys t em and envi ronment .  Although t h e r e  a r e  
s e v e r a l  imp lemen ta t ion  d i f f i c u l t i e s ,  t h e r e  i s  no  obvious  r e a s o n  
why an  a tmosphere  o t h e r  t h a n  p u r e  oxygen i s  n o t  f e a s i b l e  as t h e  
CM c a b i n  p r e s s u r a n t  a t  l aunch .  However, to a s s u r e  a d e q u a t e  
crew s a f e t y  c a r e f u l  a t t e n t i o n  must be g i v e n  to p o t e n t i a l  d a n g e r s  
i n  m i s s i o n  phases where a l a c k  of oxygen i n  t h e  CM c a b i n  c o u l d  
compromise t h e  e n v i r o n m e n t a l  backup t o  t h e  s u i t  l o o p .  

The p r e s s u r e  l e v e l s  a t  which t h e  sys t em o p e r a t e s  
c a n n o t  e a s i l y  b e  s i g n i f i c a n t l y  changed;  t h e r e f o r e ,  t h e  atmos- 
p h e r e  gas  compos i t ion  must be c o m p a t i b l e  w i t h  l i f e  s u p p o r t  a t  
c l o s e  to t h e  e x i s t i n g  p r e s s u r e s .  A t  t h e  e x i s t i n g  f l i g h t  
p r e s s u r e  oxygen i s  r e q u i r e d  t o  s u p p o r t  p l a n n e d  crew o p e r a t i o n s  
i n  t h e  c a b i n .  Consequent ly ,  any a l t e r n a t e  g a s  used  a t  l aunch  
w i l l  r e q u i r e  a means of changeover  or enr i chmen t  sometime i n  
f l i g h t .  
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The exchange of cab in  a tmosphere  t o  oxygen a p p e a r s  t o  
b e  w a r r a n t e d  as e a r l y  i n  t h e  mis s ion  as p r a c t i c a b l e  s i n c e  t h e  
c a b i n  a tmosphere  ( i f  a i r )  becomes n o n v i a b l e  s h o r t l y  a f t e r  
l i f t - o f f .  I n  a d d i t i o n ,  t h e  c a b i n  must b e  compa t ib l e  w i t h  
s h i r t s l e e v e  o p e r a t i o n s  w i t h i n  a few h o u r s  a f t e r  l aunch  t o  e n a b l e  
e a t i n g  meals and i n i t i a t i n g  s l e e p  c y c l e s ,  a s  w e l l  as r o u t i n e  
c o n t r o l  and check o p e r a t i o n s .  

I n  a d d i t i o n  t o  p r o v i d i n g  backup o f  t h e  p r e s s u r e  s u i t  
by t h e  c a b i n  (or backup of t h e  c a b i n  by t h e  s u i t ) ,  i t  i s  
a p p r o p r i a t e  t o  i n v e s t i g a t e  t h e  p o s s i b i l i t y  t ha t  an  added margin  
o f  s a f e t y  and f l e x i b i l i t y  can  b e  g a i n e d  by p r o v i d i n g  a n  
a l t e r n a t e  oxygen sys tem,  e . g . ,  a mask and oxygen t a n k s  or 
s e p a r a t e  oxygen s u p p l y  t o  t h e  s u i t .  

2 0 31-RDR- j cd 

At tachments  
Appendix A 

, 
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APPENDIX A 

ENVIRONMENTAL AND OPERATIONAL DATA SUPPORTING 

FUNCTIONAL REQUIREMENTS AND CONSTRAINTS 

-- 

The d e t a i l e d  d a t a  c o l l e c t e d  or d e r i v e d  f o r  t h i s  s t u d y  
a r e  shown on t h e  e n c l o s e d  t a b l e s  and f i g u r e s  as d i s c u s s e d  below.  

1. M i s s i o n  F u n c t i o n s  - The l u n a r  m i s s i o n  f u n c t i o n s  examined are  
i l l u s t r a t e d  i n  Tab le  1. Each phase  of t h e  m i s s i o n  from 
countdown th rough  r ecove ry  i s  i n c l u d e d  and t h e  crew f u n c t i o n s  
a f f e c t e d  by t h e  l i f e  s u p p o r t  methods a r e  s t a t e d .  The con- 
f i g u r a t i o n  o f  t h e  ECS l i f e  s u p p o r t  mode ( p r i m a r y  and backup)  
i s  summarized. 

2 .  T i m e l i n e  C o n s t r a i n t s  - The e f f e c t s  of t i m e  c o n s t r a i n t s  i n  
e a r l y  p h a s e s  of a m i s s i o n  on t h e  s e l e c t i o n  o f  i n i t i a l  c a b i n  
a tmosphere  as r e l a t ed  to subsequen t  ( a f t e r  l a u n c h )  env i ron -  
ment m o d i f i c a t i o n  are shown i n  T a b l e  2 .  I n  a d d i t i o n ,  
r e f e r e n c e  t o  T a b l e  1 g i v e s  a n  i n d i c a t i o n  of t h e  o v e r a l l  
m i s s i o n  t i m e  c o n s t r a i n t s  by s i g n i f i c a n t  p h a s e s ,  as w e l l  as 
gross f u n c t i o n s  o f  t h e  crew a t  t hese  t i m e s .  

3 .  Atmosphere P r e s s u r e  C o n s t r a i n t s  (Nominal) - During  nominal  
a s c e n t  t h e  CM c a b i n  Dressu re  remains  a t  t h e  i n i t i a l  v a l u e  
(sea l e v e l )  u n t i l  th; e x t e r n a l  ambient  p r e s s u r e  d rops  6 p s i  
below sea l e v e l  ( t o  approx ima te ly  9 p s i a ) .  From t h i s  p o i n t  
t h e  CDI p r e s s u r e  t r a c k s  t h e  ambient  w i t h  a p o s i t i v e  d i f f e r e n -  
t i a l  o f  6-0,4 p s i .  

when t h e  ambient  p r e s s u r e  i s  approx ima te ly  0 ,  t r a p p i n g  
a p p r o x i m a t e l y  6 p s i a  i n  t h e  c a b i n .  From t h i s  t i m e  t h e  CM 
p r e s s u r e  g r a d u a l l y  decays due  to l e a k a g e  u n t i l ,  a f t e r  s e v e r a l  
h o u r s ,  t h e  c a b i n  r e g u l a t o r s  b l e e d  i n  oxygen t o  m a i n t a i n  
5t0.2 - p s i a .  F i g u r e  1 i l l u s t r a t e s  t h e  a s c e n t  c o n d i t i o n s  based 

on AS-501 and AS-504 r e f e r e n c e  t r a j e c t o r i e s .  (5,7) 
c a b i n  p r e s s u r e  d r o p s  from sea  l e v e l  p r e s s u r e  t o  6:::; ps ia  

a b o u t  155 seconds  a f t e r  launch  and nomina l ly  s t a y s  a t  or 
above 5t0.2 - ps ia  th roughou t  t h e  res t  o f  t h e  f l i g h t .  

The CM c a b i n  p r e s s u r e  r e l i e f  v a l v e  c l o s e s  

The CM 
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4 .  Atmosphere P r e s s u r e  C o n s t r a i n t s  ( A b o r t )  - I n  a b o r t  t h e  CP4 

p r e s s u r e  w i l l  e i t h e r  s t a y  above 6 + O a 2  p s i a  or w i l l  d rop  to 
and remain  a t  abou t  6 p s i a ,  depend ing  on t h e  time o f  a b o r t .  
A g r o s s  approx ima t ion  of t h e  CPI p r e s s u r e  f o r  an a b o r t  a t  
90  seconds  a f t e r  l aunch  i s  shown i n  F i g u r e  1. The CT4 p r e s -  
s u r e  d r o p s  t o  abou t  6 . 2  p s i a  due t o  t h e  a l t i t u d e  r eached ,  
because  t h e  e x t e r n a l  p r e s s u r e  a t  a b o r t  apogee i s  abou t  
0 . 2  p s i a  and t h e  c a b i n  p r e s s u r e  r e g u l a t e s  t o  remain  above 
ambient  by a b o u t  6 p s i a  d u r i n g  a s c e n t .  The CDI c a b i n  
p r e s s u r e  w i l l  h o l d  t h e  va lue  r e a c h e d  ( 6 . 2  p s i a )  a t  a b o r t  
apogee u n t i l  t h e  e x t e r n a l  ambient i n c r e a s e s  d u r i n g  e n t r y  to 
a b o u t  1 p s i  above c a b i n  p r e s s u r e .  A t  t h i s  p r e s s u r e  d i f f e r -  
e n t i a l  t h e  e x t e r n a l  a i r  b l e e d s  i n t o  t h e  c a b i n  c a u s i n g  t h e  
c a b i n  a t m o s p h e r i c  p r e s s u r e  t o  i n c r e a s e .  T h i s  t ime  o f  
a p p r o x i m a t e l y  90 seconds  a f t e r  l aunch  i s  a t r a n s i t i o n  
p o i n t  f o r  a b o r t  p r e s s u r e  s i n c e  f o r  e a r l i e r  a b o r t s  t h e  p r e s -  
s u r e  does  n o t  drop  t h i s  low and f o r  l a t e r  a b o r t s  t h e  

-0.4 

p r e s s u r e  r ema ins  a t  a b o u t  6 + O e 2  p s i a  u n t i l  ambient  p r e s s u r e  - 0 . 4  
i n c r e a s e s  t o  a h i g h e r  va lue  on e n t r y .  

The t y p e  of r e - e n t r y  a b o r t ,  or modes, are  d e f i n e d  as 
Modes I ,  I1 and 111. Mode I ( i n c l u d e s  I A ,  I B  and I C )  u s e s  
t h e  l aunch  e s c a p e  tower  (LET) and ends  a t  LET j e t t i s o n  
( a b o u t  186 s e c o n d s ) .  Mode IA i n c l u d e s  a b o r t  frorn l i f t o f f  
to abou t  3 0 , 0 0 0  f e e t  a t  which t i m e  t h e  sequence  changes 
to r e t a i n  t h e  LET a f t e r  a b o r t  u n t i l  re leased b y  a 
b a r o m e t r i c  s w i t c h  on t h e  way down. Mode I B  f o l l o w s  I A  
and ends  above 1 0 0 , 0 0 0  f e e t ,  an a l t i t u d e  beyond which 
manual CM o r i e n t a t i o n  c o n t r o l  f u n c t i o n s  a r e  r e q u i r e d .  
Mode IC r e q u i r e s  crew p a r t i c i p a t i o n  f o r  manual CM o r i e n -  
t a t i o n  and r a t e  damping and  i n c l u d e s  times from t h e  end of  
Mode I B  t o  LET j e t t i s o n .  Modes I1 and I11 a b o r t s  a re  w i t h  
t h e  SM a t t a c h e d  a f t e r  LET j e t t i s o n  and a r e  d i f f e r e n t i a t e d  
by v a r y i n g  l e n g t h s  of SPS t h r u s t i n g  to a c h i e v e  t h e  d e s i r e d  
impact  p o i n t .  

For e a r l y  a b o r t s  t h e  CP.I c a b i n  p r e s s u r e  remains  above 
6 psia  because  o f  t h e  low a b o r t  apogees .  However, as shown 
i n  F i g u r e  1, b e g i n n i n g  at  abou t  9 0  seconds ,  i n  Mode I ,  t h e  
e x t e r n a l  ambient  p r e s s u r e  a l l o w s  CM c a b i n  p r e s s u r e  decay 
to 61::; p s i a  and p r e v e n t s  any i n c r e a s e  u n t i l  e x t e r n a l  
ambient  p r e s s u r e  has r e t u r n e d  to a b o u t  7 p s i a  ( t h e  c a b i n  
p r e s s u r e  r e l i e f  v a l v e  v e n t s  i n  w i t h  a 1 p s i  d i f f e r e n t i a l ) .  
T h i s  o c c u r s  a few seconds  a f t e r  t h e  t i m e  of c h u t e  deployment .  
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The approx ima te  t ime t h a t  CM p r e s s u r e  remains  a t  i t s  

Also shown, f o r  r e f e r e n c e ,  i s  
low v a l u e  i n  an a b o r t  i s  shown i n  F i g u r e  2 a s  a f u n c t i o n  of  
t h e  t i m e  and t y p e  of a b o r t .  
t h e  t i m e  of low a c c e l e r a t i o n  or f r e e  f a l l  a v a i l a b l e  between 
a b o r t  and e n t r y ,  when manual crew a c t i o n s  would b e  p o s s i b l e .  
The t i m e  a t  low p r e s s u r e  i s  of i n t e r e s t  because  w i t h  low 
oxygen c o n t e n t  a tmospheres  a problem e x i s t s  i n  a b o r t .  (2) The 
time of low a c c e l e r a t i o n  i s  of i n t e r e s t  because  i t  i s  i n d i c a -  
t i v e  of t h e  p o t e n t i a l l y  a v a i l a b l e  t i m e  for per fo rming  tasks  
n e c e s s a r y  t o  p r o v i d e  a v i a b l e  backup a tmosphere .  The da t a  
f o r  p l o t t i n g  F i g u r e  2 a re  shown i n  T a b l e  3.  ( 7 )  I n  t h i s  
T a b l e  t h e  ground elapsed t i m e  ( G . E . T . )  t o  2 3 , 1 0 0  f e e t  (or 
p o i n t  o f  drogue  deployment)  was t a k e n  as t h e  approximate  
t i m e  of  CM c a b i n  p r e s s u r e  i n c r e a s e  s i n c e  t h e  a d d i t i o n a l  
time d e l a y  t o  a c t u a l  s t a r t  o f  p r e s s u r e  b l e e d  i n  i s  q u i t e  

p s i a  was i70.2 s h o r t .  The t i m e  o f  CM cab in  p r e s s u r e  a t  6 - 0 + 4  
t a k e n  as t h e  d i f f e r e n c e  between t ime  o f  a b o r t  and t i m e  o f  
c h u t e  deployment ,  which co r re sponds  e s s e n t i a l l y  to t h e  t i m e  
when c a b i n  p r e s s u r e  w i l l  i n c r e a s e  d u r i n g  e n t r y .  The t i m e  a t  
low a c c e l e r a t i o n  was de termined  b y  t h e  d i f f e r e n c e  between 
t h e  a b o r t  t i m e  and t h e  G.E.T. to e n t r y  shown i n  T a b l e  3 .  

(LET j e t t i s o n )  t h e  t i m e  t h a t  CM p r e s s u r e  i s  a t  6 p s i a  i s  
between 2 and 6 m i n u t e s .  
400  seconds  t h e  CM c a b i n  p r e s s u r e  i s  low f o r  abou t  6 .5  t o  
8 minu tes  d u r i n g  no-SPS-burn a b o r t s  (when t i m e  o f  f r e e  f a l l  
i s  t o o  s h o r t  f o r  p r o p e r  SPS b u r n ) .  A f t e r  4 0 0  seconds  
Mode II/III a b o r t s  ( w i t h  SPS b u r n )  i n d i c a t e  times o f  8 to 
1 6  minu tes  f o r  low CM p r e s s u r e .  Af t e r  abou t  6 0 0  seconds  
a b o r t  t o  a con t ingency  o r b i t  r e s u l t s  i n  ex tended  p e r i o d s  
of  low CM p r e s s u r e ,  s i m i l a r  to a c h i e v i n g  nominal  o r b i t .  

O p e r a t i n g  P r e s s u r e  Leve l s  ( S u i t  and Cab ins )  - The r a n g e  o f  
a tmosphere  p r e s s u r e  va lues  f o r  b o t h  CM and LM and f o r  t h e  
p r e s s u r e  garment a s sembl i e s  a re  g i v e n  f o r  r e f e r e n c e  i n  
T a b l e  4. Unless  major  changes are  made t o  t h e  e n v i r o n m e n t a l  
c o n t r o l  sys t ems  most of t h e s e  p r e s s u r e  l e v e l s  w i l l  have to 
be  r e t a i n e d  i n  t h e  sys tem d e s i g n .  S i n c e  t h e  p r e s s u r e  l e v e l s  
are based on u s i n g  p u r e  oxygen, i t  i s  a d v i s a b l e  to a c h i e v e  
an oxygen envi ronment  i n  t h e  c a b i n  a s  e a r l y  i n  t h e  m i s s i o n  
as s a f e t y  d i c t a t e s  i n  o r d e r  t o  minimize t h e . i m p a c t  on 
sys t em d e s i g n .  

For Mode I a b o r t s  between about  9 0  and 185 .95  seconds  

From LET j e t t i s o n  u n t i l  abou t  

5 .  
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1.1 I S  S I O N  
PHASE 

T i m e  
D u r a t i o n  

Pr imary  L i f e  
S u p p o r t  Mode 

Backup L i f e  
Sup p or t Mode 

Pr imary  L i f e  
S u p p o r t  Mode 

Backup L i f e  
Sup p or t Mode 

COUNTDOWN 

C r e w  Onboard 
1 . 5  Hours 

1. E n t e r  CM 
2 .  Per form c h e c k s  
3.  E g r e s s  i f  a b o r t  

on pad 
4 .  L . E . T .  a b o r t ;  

i n  couch t o  
l a n d ,  e g r e s s  

P r e s s u r e  s u i t  

1. Cabin atmo- 
s p h e r e  

2. Open h a t c h  t o  
ambient  a i r  

3. (Oxygen mask) 

ASCENT 

11 Min. 

1. Perform checks  from 
couch 

2 .  L.E.T. ,  SPS or no 
SPS a b o r t ;  i n  couch 
t o  l a n d ,  e g r e s s  

P r e s s u r e  s u i t  

1. Cabin  a tmosphere  
2 .  (Oxygen mask) and 

c a b i n  p r e s s u r e  

EARTH 
ORB1 T I NG 

50, 95 or 1 4 0  Min. 
t o  f i r s t  T L I  
O p p o r t u n i t y  

1. Per form checks  
from couch 

2 .  Per form checks  
i n  L . E . B .  

3 .  D e o r b i t  for 
a b o r t ,  i n  
couch  t o  
l a n d ,  e g r e s s  

P r e s s u r e  s u i t  

1. Cabin atmo- 
s p h e r e  

2 .  (Oxygen mask) 
and  c a b i n  
p r e s s u r e  
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T L I  THRU 
S-IVB JETTISON 

65 Min. 

1. Perform checks  
& c o n t r o l  from 
couch  

2 .  Per form dock 
o p e r a t i o n s  i n  
CM t unne 1 

3 .  F o r  a b o r t  a l t e r  
t r a j e c t o r y  , 
c o n t i n u e  
o p e r a t i o n s ,  i n  
couch  b e f o r e  r e -  
e n t r y ,  l a n d  & e g r e s s  

P r e s s u r e  s u i t  

1. Cabin  atmo- 
s p h e r e  

12. (Oxygen mask)  
and  c a b i n  
p r e s s u r e  

TRANSLUNAR COAST 
THRU T H I R D  M I D C O  

C O R R E C T I O N  

6 1  Hours 

1. 

2 .  
3 .  

4. 
5. 

Perform checks  & 
c o n t r o l s ,  i n c l u d -  
i n g  SPS b u r n s ,  
from couch  
E a t  & s l e e p  c y c l e  
Per form checks  & 
o p e r a t i o n s  i n  CM 
o u t  of  couch  
Doff & don s u i t s  
Fo r  a b o r t  a l t e r  
t r a j e c t o r y  i f  
r e q .  , c o n t i n u e  
o p e r a t  i o n s ,  i n  
couch  b e f o r e  r e -  
e n t r y ,  l a n d  & 
e g r e s s  

CM c a b i n  a tmosphere  
e x c e p t  d u r i n g  SPS 
burn  o p e r a t i o n  when 
p r e s s u r e  s u i t s  a r e  
donned 

1. P r e s s u r e  s u i t  
( c a b i n  backup ) 

2 .  (Oxygen mask) 
( c a b i n  backup)  

3.  Cabin a tmosphe re  
( p r e s s .  s u i t  
backup)  

4 .  (Oxygen mask)  
and  c a b i n  p r e s s .  
( s u i t  backup)  

T H I R D  

THRU L O 1  
MID C 0 COR RE C T I  0 N 

1 Hour 

1. Per form c h e c k s  
& c o n t r o l s  from 
couch  

2 .  Per form checks  
from L.E.B. 

3. If LPrl pre-LO1 
check  made, 
t r a n s .  1 man t o  
LM & back  t o  CivI 

4 .  Fo r  a b o r t  a l t e r  
t r a j e c t o r y  i f  
r e q . ,  c o n t i n u e  
o p e r a t i o n s ,  i n  
couch  for b u r n s  
& e n t r y ,  l a n d  
& e g r e s s  

P r e s s u r e  s u i t  

1. Cabin atmo- 
s p h e r e  

2 .  (Oxygen mask) 
and  c a b i n  
p r e s s .  

LO1  THRU 
TRANSFER 

TO Lril 

3 Hours 

1. Perform c h e c k s  & con. 
t r o l s  from couch  

2 .  Per form checks  f rom 
L.E.B.  

3. C o n t r o l  LM p r e s s u r e ,  
c l e a r  t u n n e l ,  t r a n s -  
f e r  two crew t o  LM 

4 .  T r a n s f e r  e q u i p .  t o  
LM 

5. I n i t i a t e  Lm s y s t e m s  
6 .  Fo r  a b o r t  e n t e r  CitT, 

t r a n s e a r t h  i n j e c -  
t i o n ,  c o n t i n u e  op- 
e r a t i o n s  i n  couch  
for b u r n s  & e n t r y ,  
l a n d  & e g r e s s  

~~ 

P r e s s u r e  s u i t  

1. Cabin  a tmosphe re  
2 .  (Oxygen mask) and  

3. Cabin  a tmosphe re  

4 .  (Oxygen mask) and 

c a b i n  p r e s s ,  i n  CN 

i n  LM 

c a b i n  p r e s s .  i n  LM 

I 



TABLE I 
LOR IVIISSION FUNCTIONS - ATMOSPHERE RELATED 

CREW TRANS 
THRU LM 

SEPARATION 

3 Hours 

1. Per form CM 
o p e r a t i o n  from 
couch  

2 .  Check LM from 
crew s t a t i o n  

3.  S e c u r e  t u n n e l  
& CM & LN 
h a t c h e s  

4 .  Undock & 
s e p a r a t e  w i t h  
LN RCS 

5 .  For  a b o r t  e n t e r  
CM a n d  c o n t i n u e  
f u n c t i o n s  as i n  
p r e v i o u s  p h a s e s  

P r e s s u r e  s u i t  ( C M )  
P r e s s u r e  s u i t  (Lid) 

1. Cabin atmo- 
s p h e r e  ( Cr4)  

2 .  (Oxygen mask) 
a n d  c a b i n  
p r e s s .  (CM) 

3.  Cabin atmo- 
s p h e r e  (LM) 

4 .  Common LN/CM 
a t m o s p h e r e  
d u r i n g  t r a n s f e r  

CSM SOLO 
O P E R A T I O N  

LM DESCENT 

(LM) 1 . 5  Hours 
(CSM) 4 0  Hours 

1. Per form Liil c o n t r o l  

2 .  LA a b o r t ,  r e t u r n  

3.  Perform C Y  f u n c t i o n s  

from crew s t a t i o n  

t o  CM 

o f  c o n t r o l  & c h e c k s  
from couch & e q u i p .  
bay (1 man) 

s l e e p  & ea t  c y c l e  
4 .  CM crewman p e r f o r m  

P r e s s u r e  s u i t  (LM) 
P r e s s u r e  s u i t  p a r t  t i m e  
(Ci.1) , Cabin a tmosphere  
p a r t  time (crii) 

1. Cabin a tmosphere  (Lid 
2 .  Cabin a tmosphere  ( C M  

s u i t  backup 
3. P re s s .  s u i t  ( C M )  

( c a b i n  backup)  
4. (Oxygen mask) & 

c a b i n  p r e s s .  ( C M )  
( s u i t  backup)  

5 .  (Oxygen mask)(CM) 
( c a b i n  backup)  

LUNAR 
SURFACE 

STAY 

To 35 Hours 

1. Perform c h e c k s  from 
crew s t a t i o n  

2 .  P r e p a r e  for EVA 
3. Depress .  LM 
4 .  E g r e s s  
5 .  Perform l u n a r  s u r -  

f a c e  EVA 
6 .  E n t e r  LM & r e p r e s -  

s u r i z e  
7 .  Perform ea t  & s l e e p  

c y c l e  
8 .  Repeat  e g r e s s ,  EVA 

& i n g r e s s  c y c l e s  
9 .  F o r  a b o r t  e n t e r  LM, 

r e p r e s s ,  check ,  
l a u n c h  

P r e s s u r e  s u i t  p a r t  t i m e  
LM a tmosphere  p a r t  t i m e  
(Sui t /PLSS d u r i n g  i n -  
g r e s s / e g r e s s  & EVA) 

1. Cabin a tmosphere  
( s u i t  backup ) 

2 .  P re s s .  s u i t  ( c a b i n  
backup)  

3. Backup f o r  p r e s s .  
su i t /PLSS l i m i t e d  
t o  ECS u m b i l i c a l  
s u p p l y  i n  LP4, or 
oxygen p u r g e  sys tem 
(OPS) d u r i n g  EVA. 



LM ASCENT 

EENDEZVOUS 
A N D  

2.5 Hours 

1. Perform checks  & con- 
t r o l  from crew s t a t -  
i o n  

o p e r a t i o n s  from crew 
s t a t i o n  u s i n g  AGS or 
w a i t i n g  CM r e s c u e  

2 .  For a b o r t  c o n t i n u e  

I 

, P r e s s u r e  s u i t  t 
I, 

D O C K I N G  A N D  
CREW TRANS. 

1 Hour 

1. Perform checks  & con- 
t r o l  from crew s t a t i o n  
i n  LM 

2 .  Per form checks  & con- 
t r o l  from couch  i n  CM 

3 .  Per form manual dock- 
i n g  t a s k s  i n  t u n n e l  
o f  CM 

i n g  t a s k s  i n  t u n n e l  
o f  LM 

5. T r a n s f e r  crew & 
e q u i p .  t o  CM 

6 .  S e c u r e  t u n n e l  h a t c h e s  
from CT4 

7 .  F o r  a b o r t  e n t e r  CM & 
p r o c e e d  t o  T E I  

8 .  For dock ing  backup 
p e r f o r m  EVA, d e p r e s s .  
LM & CM, t r a n s f e r  
LM crew w i t h  OPS 

4 .  Per form manual dock- 

( t w o )  

P r e s s u r e  s u i t  (LM) 
P r e s s u r e  s u i t  ( C M )  

1. Cabin a tmosphe re  (LM) 
2 .  Cabin  a tmosphere  ( C N )  
3. Cabin  p r e s s .  & 

(oxygen mask) ( C X )  
4 .  Common LM/CM c a b i n  

a tmosphe re  d u r i n g  
t r a n s f e r  

CREW TRANS. 
THRU T E I .  

3 Hours 

1. Per form t a s k s  from 
CM couch  & e q u i p .  
bay 

2 .  S e c u r e  crew i n  

3. F o r  a b o r t  p r o c e e d  
couch  f o r  T E I  

t h r u  T E I  

P r e s s u r e  s u i t  

1. Cabin a tmosphe re  
2 .  (Oxygen mask) 

and c a b i n  
p r e s  s u r e  



TRANSEARTH COAST 

CORRECTION 
, THRU FINAL M I D C O  

Press.x-e s u i t  

-- 

87 Hours - 
1. Perform checks  & 

c o n t r o l s  from 
couch  

from e q u i p .  bay 

c y c l e  

2 .  Per form checks  

3. E a t  & s l e e p  

4 .  Doff & don s u i t s  
5.  For a b o r t  con- 

t i n u e  o p e r a t i o n s ,  
i n  couch  b e f o r e  
e n t r y ,  l a n d  & 
e g r e s s  

P r e s s u r e  s u i t  P r e s s u r e  s u i t  
Cabin a tmosphe re  

CM c a b i n  a tmosphe re  
e x c e p t  d u r i n g  SPS 
b u r n  o p e r a t i o n s  when 
p r e s s .  s u i t s  a r e  

-donned 

1. Cabin atmo- 
s p h e r e  

2 .  Cabin  p re s -  
s u r e  and 
(oxygen mask) 

1. Cabin a tmosphe re  
2 .  (Oxygen mask) 
3 .  Open h a t c h  t o  

am b i e n t  a i r  

FINAL P I I D C O  

SM JETTISON 
CORRECTION THRU 

2 .  (Oxygen mask) 
( c a b i n  backup ) 

3.  Cabin  a tmosphe re  
( p r e s s .  s u i t  
b a c k )  

4. (Oxygen mask) & 
c a b i n  p r e s s .  
( s u i t  backup)  

1 Hour 

1. Perform t a s k s  
from couch 

2 0  Min 

1. Cabin atmo- 

2 .  Cabin p r e s s .  
s p h e r e  

and (oxygen 
mask) 

NOTE: (Oxigen mask) i n d i c a t e s  a n t i c i p a t e d  new 
equipment when and i f  added .  

I I 
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